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INTRODUCTION
(12)

“Alkyd” is a word coined by Kienlev

' in 1927 to designate a

class of synthetic resins which include the complexes resulting from
the reaction of polyhydric alcohols and resinifying carboxylic organic
aromatic acids or their anhydrides.

The word in a broad sense is gen

erally considered to apply to many modifications of these resins drying, semi-drying and non-drying oil-modified alkyds.

It was derived

from the words alcohol and acid by combining T,aln and wcidM and for
euphony changing the ”cidM to Mkydn - al(cid)kyd.
Compounds having rings composed solely of carbon atoms are called
homocyclic compounds or carbocyclic compounds.

When other atoms are

incorporated into the ring we have heterocyclic compounds.

Broadly

speaking, any compound with one or more atoms other than carbon in a
ring is a heterocyclic compound, even if it is a derivative of an open
chain compound like dithiopropionic acid, C 2H^-CS 2H.

Among the atoms,

other than carbon, present in rings are nitrogen, oxygen and sulfur or
less familiar atoms such as selenium, phosphorous, etc.
There are several variables which must be taken into consider
ation in the preparation of heterocyclic alkyd resin.

These include

proper selection of heterocyclic dibasic acids, polyhydric alcohols,
fatty acids, temperature, pressure, inert gas, catalyst and cooking
technique.
Because alkyd resins manufactured from ortho- and meta-phthalic
acids are widely used in the paint industry, it was the purpose of this
research project to prepare heterocyclic alkyd resins from various
pyridine dicarboxylic acids and polyhydric alcohols such as ethylene
glycol and glycerol.

2.

The purpose of this investigation then was to evaluate if:
(1)

There is a possibility of preparing heterocyclic alkyd resins

similar to or better than conventional alkyd resins.

(2)

To examine

the physical and chemical properties of varnishes prepared from a
heterocyclic alkyd resin and compare these to those of alkyd resin
varnishes.

3.

II. LITERATURE REVIEW

This literature review includes the basic theories of alkyd resins
and heterocyclic alkyd resin formation and the factors influencing their
properties.
The resinous nature of the esters formed from polyhydric alcohols
and polybasic acids has been known for many years.
1847 prepared glyceryl tartrate.

( 21 1) .

1901 by Waston and Smithv

Berzelius^"^ in

Glyceryl phthalate was first made in

After this a number of patents were

granted involving modifications of polyhydric alcohols and polybasic
acids, which have become tremendously important in the field of coating
materials.

In January, 1927, K i e n l e ^ ^ filed a patent application

broadly covering a class of alkyd resins.
Not many literature references were available on heterocyclic alkyd
resins.

However, it is mentioned by Raymond^2^

that the pyridine ring

is more resistant to oxidation than the benzene ring under similar con
ditions.

Accordingly, oxidation of quinoline gives almost entirely

quinolinic acid (2,3-pyridine dicarboxylic acid) in which the benzene
ring has been destroyed but the pyridine nucleus survives.

The quino

linic acid decarboxylates to give nicotinic 'acid at 180°C.
o
U
Q

C-— OH iQcr
■C-OH
o
The principal chemical reaction involved in the formation of hetero
cyclic alkyd resins is esterification.

Other possible reactions have

been s u g g e s t e d ^ ^ such as the formation of anhydride, lactone and ether,
These reactions probably take place only to limited extents.

Oxidation

and polymerization are also possible if any of the resin ingredients

4.

have atomic groupings capable of these reactions, as in the case of
drying oil modified heterocyclic alkyd resins.

(5)

Burrv ' suggested that in polyethylene pyridine dicarboxylate, pre
pared from ethylene glycol and pyridine dicarboxylic acid, the two
hydroxyl groups of a glycol molecule are ester ified by carboxyl groups
of different acid molecules, thus forming chains with ester linkages.
The chains may terminate with either two hydroxyl groups or two carboxyl
groups or one hydroxyl and one carboxyl group, depending on the total
number of molecules reacting to form the chain.

If the chain terminates

in one hydroxyl group and one carboxyl group, these two end groups may
esterify to form a ring polymer.
of resin, a

Usually in industry for the preparation

10% excess of alcohol is used because acidity of the final

product is undesirable.
y\ H O-CH2-CH2-OH+»HO-C

The reaction can be shown as follows:

- ch2- ch2- o - c

+27)H20

-OH
T)
Bishv‘“/ studied the reaction between glycerol and pyridine dicarb
oxylic acid.

When glycerol and isocinchomeronic acid (2-5, pyridine

dicarboxylic acid) are heated together at elevated temperatures, the
acid number drops rapidly to approximately half the original value in
the first minute and then decreases more slowly.

The resin formed is

liquid when hot and when cooked sufficiently becomes hard and brittle
when cold.

When a dihydric alcohol and a dibasic acid are reacted,

only a linear polyethylene pyridine dicarboxylic or a ring is possible.
If, however, a tri-hydric alcohol such as glycerol is used the same
linear glyceryl pyridine dicarboxylates and rings are formed when two
of the three available hydroxyl groups are esterified; but, when the
third hydroxyl group is esterified a highly crosslinked material must
be formed.

5.

A complete reaction of glycerol and 2,5-pyridine dicarboxylic acid is
shown as follows:

In order to get a tractable product the reaction is modified by
the use of a fatty acid, that is monobasic or a monohydric alcohol. In
other words, the functionality of recurring structural units is reduced.
The word functionality means the number of reactive groups; glycerol
with three reactive groups has a functionality of 3.

In this way a

heterocyclic alkyd resin can be prepared of low molecular weight with

(16)

desirable properties, such as flexibility and low acid value''
The structural formula of such resin is shown below.

.

Assuming the

following signs for respective compounds then a resin with controlled
polymer size can be drawn as follows:
Glycerol
Soybean fatty acid
2,5-Pyridine dicarboxylic acid

H
+ •vTgwH

l-

H

The combination of thought and energy by resin and paint chemists
and those associated in various capacities with raw materials and the
emphasis placed on control of manufacture have resulted in the alkyd

6.

resins and resin solutions of extremely desirable characteristics.
Ultimately, the most important application to date of the alkyd resins
(17)
is their use in surface coatingv 1.

However, none of the pyridine

dicarboxylic acids have been used in alkyds, and their only practical
application to date is the preparation of pharmaceutical intermediates

7.

III. EXPERIMENTAL

The experimental section of this thesis is divided into the fol
lowing sections:

(1) Purpose of Investigation, (2) Plan of Experi

mentation, (3) Materials and Apparatus, (4) Method of Procedure
(5) Data and Results and (6) Sample Calculations.
Purpose of Investigation
The purpose of this investigation was to evaluate if:

1 . it was possible to prepare heterocyclic alkyd resins
similar to or better than conventional alkyd resins.

2. the physical and chemical properties of varnishes pre
pared from a heterocyclic alkyd resin were different from those of
alkyd resin varnishes.
Plan of Experimentation
Study of the basic principles of organic chemistry regarding the
general reactions of polyhydric alcohols with polybasic acids lead to
the conclusion that it should be possible to prepare heterocyclic alkyd
resins by any method such as direct esterification or ester interchange.
Polybasic alcohols such as ethylene glycol and glycerol are com
mercially available while pyridine dicarboxylic acids are not commer
cially available in quantity.

In this project some pyridine dicarboxylic

acids were used because they have structural formulas, physical cind
chemical properties similar to those of ortho and isophthalic acids (See
Tables I and II).

Therefore, the logical steps for the plan of this

investigation were carried out as follows:

(1) Preparation of hetero

cyclic dibasic acids, (2) Determination of esterification temperature,

8.

(3)

Preparation of alkyd resins from same, (4) Preparation of hetero

cyclic alkyd resin varnishes and (5) Preparation of homocyclic alkyd
resin varnishes and a comparative study of the physical and chemical
properties of these two types of varnishes.

9.

Materials

1.

Chemically pure Glycerine
Armour and Company
Chicago, Illinois

2.

Phthalic Anhydride (Technical)
Fisher Scientific Company
Pittsburgh, Pennsylvania

3.

Cobalt Naphthenate Drier (6$)
Nuodex Products Company, Inc.
Elizabeth, New Jersey

4.

Lead Naphthenate Drier (24%)
Nuodex Products Company, Inc.
Elizabeth, New Jersey

5.

Ethanol (Technical)

6 . N-octyl Alcohol (Technical)
U. S. Industrial Chemical Co.
St. Louis, Missouri
7.

Toluene (Technical)

8 . Xylene (Technical)
9.

Mineral Spirits (Technical)

10.

Methyl Isobutyl Ketone (M.I.B.K.)

11.

Carbon Tetrachloride
Merk and Company, Inc.
St. Louis, Missouri

12.

H 2S0 4 (Technical)

13.

HNO^ (Technical)

14.

HC1 (Technical)

15.

Sodium Hydroxide (Technical)

16.

Lead Monoxide (Catalyst)
Tayer Chemical Co.
St. Louis, Missouri

17.

Potassium Acid Phthalate - Lot No. 545805 (Dr. Webb)
Fisher Scientific Company
Pittsburgh, Pennsylvania

10

18*

2,6-Pyridine Dicarboxylic Acid (99.8©

19.

2,5-Pyridine Dicarboxylic Acid (98.7©

20.

3,4-Pyridine Dicarboxylic Acid (98.9©

21.

3,5-Pyridine Dicarboxylic Acid (99.9©
Alrich Chemical Company, Inc.
Milwaukee 10, Wisconsin

22.

2,6-Lutidine (95© Pract. B.Pt. 142-144°C
Distillation Industries
Division of Kodak Company
Rochester, New York

.

.

11

Apparatus
Cooking Assembly.

The reaction vessel was a three-neck, round

bottom 500 ml. flask fitted with a mechanical stirrer, 360°C thermom
eter and an inlet tube for introducing carbon dioxide as inert gas near
the bottom of the flask.

The flask was heated by means of ”Glass-

network fiber” hemispherical heating mantle regulated by a powerstat
voltage regulator. (Figure 1)
Baker Film Applicator.

8 inch gate, 0 to 10 mils wet film appli

cation, Gardner Laboratories, Bethesda, Maryland.

Used to apply wet

varnish films on wooden panels.
Gardner Mechanical Film Applicator.

9 inch x 12 inch vacuum plate

surface, 110 volt, 60 cycle, application speed - 1 in/sec, Gardner
Laboratories, Bethesda, Maryland.

Used to move Baker Film Applicator

at a uniform rate while coating wood panels.

(Figure 2)

Mandrel Bending Tester. A machine incorporating six mandrels
ranging from l/8 inch to

1 inch in diameter in which six panels may be

bent simultaneously has been described by S w a r d ^

, Gardner Labor

atories, Bethesda, Maryland.
Gardner Tensile Strength and Elongation Apparatus. A moveable,
solid, round rod in a hollow cylinder run by motor.
two meters attached outside the cylinder.
also fixed onto same.

There are also

A stainless steel spring is

One meter registers the load applied to the film

and the top meter registers the corresponding percent elongation.
Gardner Laboratories, Bethesda, Maryland.
Gardner-Holdt Bubble Viscometer.

(Figure 3)

These are standards of the air

bubble type and can be had in four ranges, viz., the original GardnerHoldt set of 20 standards for varnishes, ranging in viscosity from

12

0.5 to 5.5 poises; a heavy bodied set of 12 standards ranging in vis
cosity from 6.5 to 148 poises; an extremely light bodied set of 5
standards ranging in viscosity from 0.00505 to 0.321 poises; and a
special set for lithographic varnishes to match the standard type of
such products.
Gardner Color Standards of 1933.

A set of 18 standards has been

prepared and placed in a convenient mounting.

The tubes are sealed

hermetically and the solutions are stable indefinitely. The tubes may
be conveniently placed in a block of wood where spaces between the
standards are allowed for the sample being tested.

.

13.

Figure 1.

Apparatus for Cooking Alkyd Resins

14.

F i g u r e 2.

B a k e r F i l m A p p l i c a t o r and Gardner M e c h a n i c a l
F i l m Applicator.

15

Figure 3.

Gardner Tensile Strength and Elongation Apparatus

16

TABLE! I
Physical and Chemical Properties

(Q)
of Some Dicarboxylic A c i d s v

Name

Formula

'

Crystalline
form and color

Melting
Point °C

Boiling
Point °C

Phthalic acid

/S-COOH
vi-COoH

col. rhomb or
monocl. f.w.

206-8 d.

d. 191

Isophthalic acid

/VcooH
COOM
cocm

col. need. f.
h. w.

312-4

subl.

need, or amor.

subl.

sub. ca.
300

Terephthalic acid

Q

CoOH
2,3-Pyridine dicarboxylic
acid (Quinolinic)

i/NVCOOH monocl. pr.
S^Acooh

190 d.
(195)

—

248-50

- - -

—

—

coo,,
2,4-Pyridine dicarboxylic
acid (Lutidinic)
2,5-Pyridine dicarboxylic
acid (Isocinchomeronic)
2,6-Pyridine dicarboxylic
acid (Dipicolinic)

3,4-Pyridine dicarboxylic
acid (Cinchomeronic)
3,5-Pyridine dicarboxylic
acid (Dinicotinic)

amor.
ca.
col.
cr.

=
=
=
=

amorphous
about
colorless
crystalline

leaf, or pr.
f .w.

COO14
coo W
COOH

{j-cooh

236-7

col. need.
(+1-1/2 H 20)

anh.
226 d.

subl.

—

f .W.

/'N-COOH
Ky-cooH

rS“ "
N^COOH
d.
f . w.
h. w.
leaf.
monocl.

col. leaf.
f.w.

=
=
=
=
=

pr. f.w. or
HC1

260 d.
(266)

d.

cr.

323

d.

decomposes
from water
hot water
leaflets
monoclinic

need.
pr.
rhomb.
subl.

=
=
=
=

needles
prisms
rhombic
sublimes

17.

TABLE II
(10)
Solubility of Some Dicarboxylic Acids

Solubility of Grams per 100 ml. of
Name
Water

Alcohol

Phthalic acid

99
18yy

11 .718

0.
69*^ eth.,
1. chi.

Isophthalic acid

0.22 h.

s.

i. bz.

Terephthalic acid

0.0016

v.sl.s.

v.sl.s.eth.,
chi.; s.alk.

2,3-Pyridine
dicarboxylic acid

0.55 6 ’5

si. s.

v.sl.s.eth.

2,4-Pyridine
dicarboxylic acid

s.

s.

io eth.

V.sloS.

V.sloS.

v.sl.s.eth.;
s.h. HC1

v.sl.s.

v.sl.s.

V .s i .s.

sl.s.

v.sl.s.

—

2,5-Pyridine
dicarboxylic acid

2,6-Pyridine
dicarboxylic acid

3,4-Pyridine
dicarboxylic acid

3,5-Pyridine
dicarboxylic acid

s.
i.
v.
si.
h.

=
=
=
=
=

soluble
insoluble
very
slightly
hot

eth.
chi.
bz.
alk.

Ether, etc.

—

v.sl.s.eth.;
i. chi.

—

=
=
=
=

ether
chloroform
benzene
alkali

Normal room temperature 20°C is assumed unless the temperature is
indicated by a superior figure.
Example.

ig^9 in(iicates a solubility of 18.0 gm. of the
substance in 100 ml. of solvent at 99°C.

18.

Method of Procedure
(3)
Preparation of Dipicolinic A c i d .
as 2, 6-pyridine dicarboxylic acid.

Dipicolinic acid is also known

The structural formula is as shown

below.

In a three-liter round bottom flask fitted with a reflux condenser
were placed 200 g m of water, 80 gm of potassium permanganate and 25 gm
of 2,6-dimethyl pyridine.

The contents of the flask were heated suffi

ciently to produce gentle refluxing,

k/hen the pink color of the per

manganate w a s nearly destroyed, i.e., black or greyish brown (about one
half hour) another 80 gm of potassium permanganate dissolved in 250 gm
of water were added.

The heating was continued until the permanganate

color disappeared completely (nearly 3 h o u r s ) .

The flask and contents

were allowed to cool sufficiently for handling, the manganese dioxide
filtered through a suction filter and washed well b y suspending in one
liter of hot distilled water and filtered.

The filtrate was concentrated

to 300 to 500 mlo by distillation from a steam bath under reduced pres
sure.

The concentrated solution was filtered directly to remove any

manganese dioxide and then acidified while still hot with 50 ml. of 70
percent I^SO^.

After the solution was cooled to room temperature, the

precipitated dipicolinic acid was filtered off and washed with 1500 ml.
of cold water sufficiently and then transferred to an evaporating dish
find dried at 190°C.

The data and results are shown in Table III.

19.

TABLE III
Properties of Dipicolinic Acid
Color

White

Crystalline Form

Small Crystals

Mt. Pt.

227°C

Yield

(15.8) (100)
= 63.2 Percent
25

Acid Value

670

(4)
Preparation of Quinolinic Acidv 7*
as 2,3-pyridine dicarboxylic acid.

Five hundred gm of

Quinolinic acid is also known

The structural formula is

8-hydroxy quinoline (white needles) and 20 gm

of water were placed in a three-liter round bottom flask equipped with
a long air condenser.

While cooling with water, 100 gm of HNO^ (sp.

gr. 1.52) was added drop by drop, over a period of eight hours and kept
overnight.

The next day the contents of the flask were heated on a

waterbath until

evolution of nitrogen oxides had ceased.

The mixture

of the flask was cooled and 1500 gm of HNO^ (sp. gr. 1.52) added again,
drop by drop.

The solution was heated again on a steam bath and 2500 gm

of HNO^ (sp. gr. 1„52) added once more, drop by drop with continued
heating on a waterbath for eight hours.
The contents of the flask were transferred to a procelain dish and
kept on a waterbath until crystals had formed.

The drystals were cooled

in a large evaporating dish and filtered through a Gouch crucible and
washed first with 30 percent HNO^ then with water.

The rest of the

quinolinic acid was obtained by evaporation of the mother liquor.

20.

The quinolinic acid was recrystallized b y pulverizing the acid and
mixing with 1000 gm 40 percent acetic acid on the waterbath,
after cooling and washing with water.

filtering

The data and results are shown

In Table IV.

TABLE IV
Properties of Quinolinic Acid

Color

Light Yellow

Crystalline Form

Needle Shape Crystals

Mt. Pt.

191°C

Yield
Acid Value

i96'(100y°0) = 96,5 Percent
674

The investigation for various heterocyclic dibasic acids was con
tinued through literature, various chemical companies and publishers.
From Tables I and II for various pyridine dicarboxylic acids and tere-,
iso- or ortho-phthalic acid, it was observed that the chemical and
physical properties of 2,6-pyridine dicarboxylic acid, 3,5-pyridine
dicarboxylic acid and 3,4-pyridine dicarboxylic acid were similar to
those of phthalic acid isomers.
Alrich Chemical Company, Inc., is manufacturing all types of hetero
cyclic dibasic acids for the preparation of pharmaceutical intermediates
and the quotation for these is shown in Appendix I on Page

68.

Since the methods of preparing 2,6-pyridine dicarboxylic acid and

2,3-pyridine dicarboxylic acid were long although the yields were satis
factory, it was decided to purchase some heterocyclic dibasic acids from
Alrich Chemical Company, Inc., and to use these in this investigation.
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Determination of Esterification Temperature

The next step in this research was to determine the esterification
temperature of pyridine dicarboxylic acids by analyzing the acid-alcohol
mixtures for unreacted acid.

It is customary to express the residual

quantity of acid as Acid Value, i.e., mg of KOH to neutralize the acid
in

1 gm sample.
The following procedure for the determination of the Acid Value was

followed:
neutral

A small sample of the reaction mixture was dissolved in a

1:1 mixture of benzene and alcohol and titrated with a 0 .1N sol

ution of NaOH, using phenolphthalein as an indicator.

The 0.1N NaOH

solution was prepared and standardized as follows:
Preparation of O.IN NaOH Solution.

In order to standardize the

alkali solution, a 0.1N solution of oxalic acid was first prepared by
dissolving 6.3034 gm of crystallized oxalic acid H 2C2°4* 2H2^ into an
accurately calibrated liter volumetric flask, made up to one liter by
using CO^ free distilled water and thoroughly mixing.
A volume of

8 ml. of saturated solution of NaOH was diluted using

CO^ free distilled water to one liter and titrated with 50 ml. of 0.1N
oxalic acid solution using phenolphthalein as the indicator.

The read

ing of NaOH was 47.5 ml. equivalent to 50 ml. of O.IN oxalic acid.
Therefore, 950 ml. of NaOH and 50 ml. of C0 2 free distilled water were
thoroughly mixed in a one liter volumetric flask.

The final check of

titration was 50 ml. of NaOH = 50 ml. of oxalic acid.
A re standardization of NaOH was made by using potassium acid
phthalate using the formula
^
^ *T_ ™ T
Wt. of PAP „
1
Normality of NaOH = — =----- 3— x ----- 7
J
ml. used
meg of PAP
The result is shown in Table V.
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TABLE V
Restandardization of NaOH

Obs.
No.

Wt. of Potassium
acid Phthalate

Ml. of NaOH
used

N of NaOH

1

0.2388

11.7

0.1003

2

0.4634

22.7

0.1000

3

0.5185

25.4

0.1000

The esterification temperature of 2,5-pyridine dicarboxylic acid
with glycerol was determined as follows:
Fifty g m of 2,5-pyridine dicarboxylic acid and 18.4 gm of anhydrous
glycerol were placed in a 500 ml. three-neck pyrex resin flask equipped
with an agitator and thermometer.

The ingredients were heated slowly

by means of an electric heating mantel plus variac.

Samples were drawn,

dissolved and tested for acid value between the range of 180 - 270°C.
The results are shown in Table VI and Figure 4.
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TABLE VI
Esterification Temperatures of 2,5-Pyridine
Dicarboxylic Acid w i t h Glycerol

Obs.
No.

Temperature
°C

A c i d Value

1

180

397

Brown, viscous
liquid

2

190

205

Brown, viscous
liquid

3

200

145

Brown, viscous
liquid

4

210

82

Brown, viscous
liquid

5

220

45

Brown, viscous
liquid

6

230

27

Brown, little
foaming

7

240

23

Brown, peculiar
odor

8

250

20

Brown, thin, less
viscous with p e c 
uliar odor

9

260

17

Brown, thin, less
viscous with pec
uliar odor

10

270

16

Up to 263°C the
color was brown and
then turned dark

Remarks

ACID VALUE
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FIGURE 4

A C I D VALUE V E R S U S TEMPERATURE.
E S T E R I F I C A T I O N OF 2,5-PYRIDINE D I C A R B O X Y L I C
A C I D AND GLYC E R O L .
(SEE TABLE V I )
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Preparation of Heterocyclic Alkyd R e s i n s .

The heterocyclic alkyd

resins for this investigation were cooked according to a procedure based
o n that of Chipault, Hendrickson and Lundberg.

'

The reaction vessel was a three-neck, round bottom, 200 ml. flask
equipped with 360°C thermometer and an inlet tube for introducing carbon
dioxide as inert gas n ear the bottom of the flask.

The flask was heated

b y means of a ’’Glass-network fiber” hemispherical heating mantle regulated
b y a powerstat voltage regulator.

(Figure 5)

The procedure was performed as described on Page

22.

Various

pyridine dicarboxylic acids with ethylene glycol or glycerol were used.
I n all reactions 0,1 percent of lead monoxide (based on total charge)
was used as a catalyst.

By employing a 10 percent excess of the poly

hydric alcohol, it was hoped that more complete esterification might be
accomplished.

The course of the reactions was followed by taking acid

number and viscosity readings at intervals.

W h e n the acid number did

not decrease anymore the esterification was assumed to have reached a
maximum.
obtained.

However, heating was continued until the desired viscosity was
Carbon dioxide gas was employed in cases where it appeared

likely that the product might become discolored due to oxidation at high
temperatures.

Thus, if the temperature was raised about 170 - 200°C gas

was generally introduced.
The following acids were used in this investigation:
2.5- pyridine dicarboxylic acid

2.6- pyridine dicarboxylic acid
3,5-pyridine dicarboxylic acid
and were esterified w i t h ethylene glycol and glycerol, respectively.
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In all these cases the influence of time and temperature upon the ester
ification were studied separately and the results are given in Tables
VII through XV,

respectively.

The tests as described in testing methods on Page 53 were made for
acid value, color and solubility of products.

The results of esterifi

cation are shown in Tables VII through XV, respectively.
The following is a calculation of a typical reaction charge, in
this case of 2,5-pyridine dicarboxylic acid and glycerol, which reaction
m a y be represented by the following equation:

The amount of glycerol required to react with 10 g m of 2,5-pyridine
dicarboxylic acid was calculated as follows:

10
167
where

2
92
1
x — x —
x q- q q

= 4.08 gm glycerol

10

=

weight of 2,5-pyridine dicarboxylic acid

167

=

molecular weight of 2,5-pyridine dicarboxylic acid

2

=

functionality of acid

3

=

functionality of glycerol

92

=

molecular weight of glycerol

0.90

=

factor used to allow for a
glycerol

10 percent excess of
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Quantity of Acid and Alcohol Used for Esterification in Each R u n .
The sample calculations are shown for the formula used.
A.

Where esterification between acid and ethylene glycol
1.

B.

2,5 or 2,6 or 3,5-pyridine dicarboxylic
acid ........... ........................

2.

Ethylene glycol,

10 percent excess

..... =

3.

PbO ........................................ =

=

10

gm

4.1 gm
0.014 gm

Where esterification between acid and glycerol
1.

2,5 or 2,6 or 3,5-pyridine dicarboxylic
acid ...................................... =

2.

Glycerol,

10 percent excess

......... .

3.

PbO ........................................ =

10
= 4.08

gm
gm

0.014 gm
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Figure 5.

Microscale Apparatus for Cooking Resins

.
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TABLE VII
E s t erification Between 2,5-Pyridine Dicarboxylic Acid
w i t h Ethylene Glycol and Time Variation

A m o u n t of
2,5-Pyridine
Dicar b o x y l i c
Acid

A m o u n t of
Ethyl e n e
G l ycol

Time
Hours

Temp.
°C

10 gm

4.1 g m

1.3

185

50.4

Slightly
dark

10 gm

4.1 g m

2.3

185

44.1

Dark

10 g m

4.1 g m

3.0

185

36.2

Dark

10 gm

4.1 g m

3.3

185

35.1

Dark

10 gm

4.1 g m

3.8

185

33.9

Da r k

10 gm

4.1 g m

4.0

185

23.6

Da r k

Acid
Value

Products were d ark and remained tacky

Remarks
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TABLE VIII
Esterification Between 2,5-Pyridine Dicarboxylic Acid
w i t h Ethylene Glycol and Temperature Variation

A m o u n t of
2,5-Pyridine
Dicarboxylic
Acid

Amount of
Ethylene
Glycol

Time
Hours

10 gm

4.1 g m

10 gm

Temp.
°C

Ac i d
Value

Remarks

1.5

175

54.6

Dark color

4.1 g m

1.5

185

51.3

Dark color

10 gm

4.1 g m

1.5

195

48.0

Dark color

10 gm

4.1 g m

1.5

200

37.4

Dark color

10 gm

4.1 g m

1.5

215

26.4

Dark color

Products were soft, d a r k and tacky.

.
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TABLE IX
Esterification Between 2,5-Pyridine Dicarboxylic Acid
with Glycerol and Time Variation

Amount of
2,5-Pyridine
Dicarboxylic
Acid

Amount of
Glycerol

Time
Hours

Temp.
°c

Acid
Value

Remarks

10 gm

4.0 gm

1.5

190

38.4

Dark

10 gm

4.0 gm

2.0

190

34.7

Dark

10 gm

4.0 gm

2.5

190

31 o2

Dark

10 gm

4.0 gm

3.2

190

26.5

Dark

10 gm

4.0 gm

3.5

190

24.8

Dark

Final products were hard and less tacky.

Solubility of Resin
Xylene

Insoluble

Toluene

Insoluble

M.I.B.K.

Insoluble

Mineral Spirits

Insoluble

Carbon Tetrachloride

Insoluble

Toluene:M.I.B.K.
(1:1 by Vol.)

Insoluble
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TABLE X
Esterification Between 2,5-Pyridine Dicarboxylic Acid
with Glycerol and Temperature Variation

Amount of
2,5-Pyridine
Dicarboxylic
Acid

Amount of
Glycerol

Time
Hours

Temp.
°C

Acid
Value

Remarks

10 gm

4.0 gm

1.5

170

44.8

Dark

10 gm

4.0 gm

1.5

180

41.3

Dark

10 gm

4.0 gm

1.5

190

38.6

Dark

10 gm

4.0 gm

1.5

196

35.4

Dark

10 gm

4.0 gm

1.5

210

31.1

Dark

Final products were a little hard and less tacky.

Solubility of Resin
Xylene

Partially soluble

Toluene

Partially soluble

M.I.B.K.

Insoluble

Mineral Spirits

Insoluble

Carbon Tetrachloride

Insoluble

Toluene:M.I.B.K.
(1:1 by Vol.)

Insoluble
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TABLE XI
Esterification Between 2,6-Pyridine Dicarboxylic Acid
with Ethylene Glycol and Time Variation

Amount of
2,6-Pyridine
Dicarboxylic
Acid

Amount of
Ethylene
Glycol

Time
Hours

10 gm

4.1 gm

1.5

10 gm

4.1 gm

10 gm

Temp
°C

Acid
Value

Remarks

190

48

Dark

2.0

190

43

Dark

4.1 gm

2.5

190

34

Dark

10 gm

4.1 gm

3.0

190

28

Dark

10 gm

4.1 gm

3.5

190

16

Dark

Final products were soft and tacky.

Solubility of Resin
Xylene

Insoluble

M.I.B.K.

Insoluble

Toluene

Insoluble

Mineral Spirits

Insoluble

Carbon Tetrachloride

Insoluble

Toluene :M.I .B. K.
(1:1 by Vol.)

Insoluble
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TABLE XII
Esterification Between 2,6-Pyridine Dicarboxylic Acid
with Ethylene Glycol and Temperature Variation

Amount of
2,6-Pyridine
Dicarboxylic
Acid

Amount of
Ethylene
Glycol

Time
Hours

Temp.
°C

10 gm

4.1 gm

1.5

170

55.0

Slightly
dark

10 gm

4.1 gm

1.5

180

53.0

Slightly
dark

10 gm

4.1 gm

1.5

190

48.0

Slightly
dark

10 gm

4.1 gm

1.5

195

42.0

Dark

10 gm

4.1 gm

1.5

205

33.0

Dark

Acid
Value

Remarks

Final products were soft and tacky.

Solubility of Resin
Xylene

Partially soluble

M.I.B.K.

Insoluble

Toluene

Partially soluble

Mineral Spirits

Insoluble

Carbon Tetrachloride

Insoluble

Toluene:M .I .B .K .
(1:1 by Vol.)

Insoluble
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TABLE XIII
Esterification Between 2,6-Pyridine Dicarboxylic Acid
with Glycerol and Time Variation

Amount of
2,6-Pyridine
Dicarboxylic
Acid

Amount of
Glycerol

Time
Hours

Temp.
°C

Acid
Value

Remarks

10 gm

4.0 gm

1.5

190

56.0

Slightly
dark

10 gm

4.0 gm

2.0

190

49.0

Slightly
dark

10 gm

4.0 gm

2.5

190

41.0

Dark

10 gm

4.0 gm

3.0

190

32.0

Dark

10 gm

4.0 gm

3.5

190

23.0

Dark

Final products were hard and slightly tacky.

Solubility of Resin
Xylene

Insoluble

Toluene

Insoluble

M.I.B.K.

Insoluble

Mineral Spirits

Insoluble

Carbon Tetrachloride

Insoluble

Toluene:M.I.B.K.
(1:1 by Vol.)

Insoluble
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TABLE XIV
Esterification Between 2.6-Pvridine Dicarboxylic Acid
with Glycerol and Temperature Variation

Amount of
2 ,6-Pyridine
Dicarboxylic
Acid

Amount of
Glycerol

Time
Hours

Tempo
°C

Acid
Value

Remarks

10 gm

4.0 gm

2.5

170

40.0

Dark

10 gm

4.0 gm

2.5

180

36.0

Dark

10 gm

4.0 gm

2.5

190

33.0

Dark

10 gm

4.0 gm

2.5

195

29.0

Dark

10 gm

4.0 gm

2.5

205

21.0

Dark

Final products were hard and slightly tacky.

Solubility of Resin
Xylene

Insoluble

Toluene

Insoluble

M.I.B.K.

Insoluble

Mineral Spirits

Insoluble

Carbon Tetrachloride

Insoluble

Toluene:M .I .B .K .
(1:1 by Vol.)

Insoluble
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TABLE XV
Esterification Between 3,5-Pyridine Dicarboxylic
Acid with Glycerol

Amount of 3,5-Pyridine Dicarboxylic Acid ................ 10 gm
Amount of G l y c e r o l ..... ................ ............ .

4.0 gm

Temperature ............................ .. ....... .. 0.... 170°C
Time ........ ......... ...»...... ........................ . 3 Hours

Acid Value ...................... ............... .

26.8

Dry Hard Time .... ......... ........ .................. .

48 Minutes

Final product was dark and hard.

Solubility of Resin
Xylene

Insoluble

M.I.B.K.

Insoluble

Toluene

Insoluble

Mineral Spirits

Insoluble

Carbon Tetrachloride

Insoluble

Toluene:M.I.B.K.
(1:1 by Vol.)

Insoluble

.
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From various observations and data it was found that the hetero
cyclic alkyd resins were insoluble and black masses.

The insolubility

of these products were probably due to formation of big polymer mole
cules.

In order to reduce the functionality of molecules of the

reactants by incorporating monofunctional products such as soybean fatty
acid and n-octyl alcohol, the n-octyl alcohol was used because the boiling
point (195°C) was higher than the cooking temperature of alkyd resin (170°C).
Functionality is defined as the total number of reactive groups.
alcohol has a functionality of
functionality of

N-octyl

1 and 2,6-pyridine dicarboxylic acid a

2.

Esterification of 2,6-Pyridine Dicarboxylic Acid with Ethylene Glycol
and N-octyl Alcohol.

Various experiments were performed by using the

procedure described on Page 22 for each run.
the formula is included on Page

55.

The sample calculation of

The total charge of the formula is

shown below.
Wt. of 2,6-pyridine dicarboxylic acid

= 12.5

Wt. of N-octyl alcohol

=

0.5 gm

Wt. of Ethylene glycol

=

4.5 gm

The tests are described in testingmethods
acid value, color and solubility of product.
Table

XVI.

(Page

gm

53) were made for

Results are shown in
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TABLE XVI
Esterification of 2,6-Pyridine Dicarboxylic Acid
with Ethylene Glycol and N-octyl Alcohol

Experiment
Number

Temperature

1

170

2

59.2

Light brown

2

170

3

33.7

Reddish brown

3

170

3.5

26.4

Light brown

4

180

3

31.4

Reddish brown

5

185

3

29.6

Deep, dark red

6

192

3

23.8

Light brown

Time
Hours

Acid
Value

Remarks

All products were soft and tacky.

Solubility of Resin
Xylene

Partially soluble at 80°C

M.I.B.K.

Insoluble at 80°C

Toluene

Partially soluble at 80°C

Mineral Spirits

Insoluble at 80°C

Carbon Tetrachloride

Insoluble at 80°C

Xylene:M.I.B.K.
(1:1 by Vol.)

Insoluble at 80°C
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Once again the heterocyclic alkyd resins prepared from 2,6-pyridine
dicarboxylic acid and ethylene glycol at 170°C were black masses before
the acid value was reduced to 30.
prepared from

Even the heterocyclic alkyd resins

2,6-pyridine dicarboxylic acid, ethylene glycol and n-octyl

alcohol were found to be insoluble and black masses.

However, it was

observed from various experiments that esterification began between the
range of 160 - 175°C.

Pyridine dicarboxylic acids were found to decom

pose at temperatures ranging from 185 - 215°C.

Since a decrease in

functionality of the alcohols apparently did not improve the resins it
was decided to replace some of the heterocylic acid by ortho-phthalic
acid in weight ratios of 9:1, 7:3 and 1:1, respectively, and to esterify
these mixtures with glycerol at 170°C.
The results of these resin cooks are summarized in Tables XVII
through XIX.
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TABLE XVII
Esterification of 2, 6-Pyridine Dicarboxylic Acid
and Ortho-Phthalic Acid, Ratio 9:1, with Glycerol

Experiment
Number

Temperature
°C

Time
Hours

Acid
Value

Remarks

1

170

3

44

Brownish,Cloudy

2

170

4

33

Light, Reddish
Cloudy

3

170

4.3

26

Light, Reddish
Partially clear

All products were hard and not tacky.

Solubility of Resin
Xylene

Partially soluble

M.I.B.K.

Insoluble

Toluene

Partially soluble

Mineral Spirits

Insoluble

Carbon Tetrachloride

Insoluble

Xylene:M.I.B.K.
(1:1 by Vol.)

Insoluble
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TABLE XVIII
Esterification of 2, 6-Pyridine Dicarboxylic Acid
and Ortho-Phthalic Acid, Ratio 7:3, with Glycerol

Experiment
Number

Temperature
°C

Time
Hours

1

170

3

42

Brownish,cloudy

2

170

3.3

35

Light, reddish
cloudy

3

170

4

28

Light, reddish,
Partially clear

Acid
Value

Remarks

All products were hard and not tacky.

Solubility of Resin
Xylene

Partially soluble

M.I.B.K.

Insoluble

Toluene

Partially soluble

Mineral Spirits

Insoluble

Carbon Tetrachloride

Insoluble

Xylene:M.I.B.K.
(1:1 by Vol.)

Partially soluble
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TABLE XIX
Esterification of 2, 6-Pyridine Dicarboxylic Acid
and Ortho-Phthalic Acid, Ratio 1:1, with Glycerol

Experiment
Number

Temperature
°C

Time
Hours

1

170

2.5

46.8

Brownish, cloudy

2

170

3.0

41.6

Light, reddish,
cloudy

3

170

3.2

39.1

Light, reddish,
cloudy

4

170

6.5

16.3

Light, reddish,
clear and trans
parent

Acid
Value

All products were hard and not tacky.

Solubility of Resin
Xylene

Soluble

M.I.B.K.

Soluble

Toluene

Soluble

Mineral Spirits

Soluble

Carbon Tetrachloride

Soluble

Xylene:M.I.B.K.
(1:1 by Vol.)

Soluble

Remarks
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The properties such as solubility in solvents, color and appear
ance of the resin prepared from

1:1 combination of heterocyclic and

homocyclic dibasic acid and glycerol were quite satisfactory.

However,

the resin was hard and brittle and it was therefore decided to replace
part of the dibasic acids by a monofunctional monobasic aliphatic acid,
i.e., soybean fatty acid.

The main component of soybean fatty acid is

linoleic acid which has the structural formula
c h 3-( c h 2 )4-c h

= c h - c h 2- c h = c h -( c h 2)? - COOH

Preparation of Fatty Acid Modified Heterocyclic and Homocyclic
Resin Varnishes.
Formula:
27.5 gm soybean fatty acid

12.1 gm 2,6-pyridine dicarboxylic acid
12.1 gm Ortho-phthalic acid
9.3 gm glycerol

0.1 gm lead monoxd.de catalyst
The heterocyclic alkyd for this experiment was cooked according to a
procedure described on Page

22 .

C0 2 gas was started and the temper

ature was maintained slowly at 150 C where the charge began to melt.
The stirrer was then started.

The reaction mixture was allowed to

rise to 170°C and kept at this temperature until an acid value of less
than 18 was obtained.
The viscosity of the resin was found to be V and after the batch
was cooled to about 140°C it was thinned by adding
spirits to a viscosity of Q.

22.4 gm mineral

45.

In order to compare the properties of the above varnish with those
of a conventional alkyd resin varnish it was decided to prepare such a
varnish as follows:
Formula
27.5 gm soybean fatty acid
24.2 gm ortho-phthalic acid
9.3 gm glycerol

0.1 gm lead monoxide catalyst
The temperature was maintained at 280°C for two hours until the
acid value was less than 18.
22.4 gm mineral spirits.

The batch was cooled and thinned with

The properties of the heterocyclic and homo-

cyclic alkyd resins and varnishes are shown in Tables XX to XXII.
The dry films of the homocyclic and heterocyclic varnishes were
tested for elongation and tensile strength and the results of these
tests are shown in Tables

XXIII and Figures 7,

8 and 9 respectively.

The tests were made as described on Page 53.
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TABLE XX
Properties of Heterocyclic and
Homocyclic Alkyd Resins

Heterocyclic Alkyd

Homocyclic Alkyd

Acid Value

14.6

15.1

Viscosity

Q

Q

Hard

Hard

Not tacky

Not tacky

Dust free

Dust free
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TABLE XXI
Comparison of Chemical Resistance of Heterocyclic
and Homocyclic Alkyd Resin Varnishes

3% NaOH
Heterocyclic
Alkyd Varnish

Time
Hours

Phthalic Alkyd
Varnish

2

no effect

no effect

4

whitening

no whitening

8

whitening,
loss of
adhesion

no whitening,
loss of
adhesion

whitening
and loss of
adhesion

slight whitening
and loss of
adhesion

16

Acid Resistance
Time
Hours

Heterocyclic Alkyd
Varnish

Homocyclic Alkyd
Varnish

33% H 2S04 20% HN03

18% HCl

2

no effect

no effect

no effect

no effect

4

tt

tt

tt

tt

tt

tt

tt

tt

tt

tt

tt

tt

6

tt

tt

tt

tt

tt

tt

tt

tt

tt

tt

tt

tt

18

tt

tt

film
whitening

tt

tt

tt

tt

tt

tt

30% H 2S04

20% HN 03 18% HCl
no effect no effeci

film
whitening
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TABLE XXII
Comparison of Properties of Heterocyclic
and Homocyclic Alkyd Resin Varnishes

Heterocyclic
Alkyd Varnish

Homocyclic
Alkyd Varnish

Appearance

clear with a
trace of sus
pended matter

clear, not a
trace of sus
pended matter

Color

11 G

12 G

Non-volatile
matter

73.9

Dry-hard time

18 Hours

14 Hours

Viscosity

Q

Q

Water Resistance

poor, sea
mist color

good, sunny
yellow color

%

74.7

%

Bending test on
1/8" O.D. bar
after air dry

no cracking

slight
cracking

Bending test on
1/8" O.D. bar
after one hour
baking at 110°C

Cracking

cracking
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TABLE XXIII
Elongation and Tensile Strength of Heterocyclic
and Homocyclic Alkyd Resin Varnishes

Test
No.

Load in gm
Hetero- Homocyclic
cyclic

Percent Elongation
Hetero- Homocyclic
cyclic

Thickness in dry film mils
HeteroHomocyclic
cyclic

10

10

3

3

6.5

6 .6

20

20

9

16

6.5

6.6

30

30

18

23

6.5

6.6

40

40

34

29

6 .5

6.6

50

60

40

44

6.5

6.6

60

70

54

48

6.5

6.6

70

80

62

53

6.5

6.6

80

90

71

57

6 .5

6.6

90

110

78

62

6.5

6.6

100

120

84

66

6.5

6.6

108

130

89

68

6.5

6.6

—

133

-

68.5

—

6.6

II

116

135

91.5

69

6.5

6.5

III

110

146

88.0

70.5

6.7

6.6

I
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LOAD IN GRAMS
FIGURE

6

% ELONGATION VERSUS LOAD IN GRAMS.
% ELONGATION AND TENSILE STRENGTH OF HETEROCYCLIC
ALKYD RESIN VARNISH.

(SEE TABLE XXIII)

% ELONGATION
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FIGURE 7

% ELONGATION VERSUS LOAD IN GRAMS.
% ELONGATION AND TENSILE STRENGTH OF HOMOCYCLIC
ALKYD RESIN VARNISH.

(SEE TABLE XXIII)

% ELONGATION
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FIGURE

8

COMPARISON OF ELONGATION AND TENSILE STRENGTH
OF HETEROCYCLIC AND HOMOCYCLIC ALKYD VARNISHES.
(SEE TABLE XXIII)

.
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Test Methods
Appearance.

Visual inspection in glass containers for clarity and

freedom from suspended matter was made.
Color.

Color of resins was observed by visual inspection and by

using the Gardner Color Standards.

This determination could be made

only on the resins that were solvent soluble.
Solubility.

Solubility tests of resins were preformed in Xylene,

M.I.B.K, Toluene, Mineral Spirits, and 1:1(V) Toluene:M.I.B.K., respec
tively.
Non-volatile Matter.

About 1.5 gm of sample were heated in an

aluminum dish in an oven maintained at 105°C to 110°C to constant weight.
Dry Time.

Previously primed wood panels were coated with the var

nishes and the dry time determined by touching with a finger every two
hours.
Viscosity.

The viscosity of the varnishes was determined by com

paring the viscosity of a 90 percent resin solution with the 1933
Gardner Holdt viscosity standards.
Distensibility.

Tin panels were coated with varnish and bent over

a rod of 1/8** diameter using the Mandrel Bending Tester.
Chemical Resistance.

(a) Acid Resistance:

varnish film was prepared and kept for 2, 4,
tively in 1 x

A one square inch dry

8, 16 and 32 hours, respec

6 inch test tubes which had 10 ml. of 20% HNO^, 18% HCl

and 33% H^SO^ respectively,

(b)

Alkali Resistance:

A 1 x

6 inch glass

test tube was coated with varnish by dipping the closed end in the
sample and after withdrawal placed upside down.

After 48 hours at room

temperature, the tubes were suspended in a solution of 3% sodium hydro
xide at 70+2°F for desired intervals such as 2, 4,

8, etc. hours.

The
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tubes were then washed in a gentle stream of water, air dried for 30
minutes and examined for whitening, blistering or loss of adhesion.
Percent Elongation and Tensile Strength.

Free varnish films were

made by using the method as described by Macekonis^^l
"automatic blade applicator” was used to cast the films.

The Gardner
These were

dried for 48 hours, then the combined Methocel and varnish films were
removed from the glass panels.

The Methocel which is soluble in water

was washed from the combined film with cold water.

The varnish films

were allowed to dry for 48 hours at room temperature.
The varnish films were tested for percentage elongation and tensile
strength by using the Gardner tensile strength and elongation machine.
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Sample Calculations

Calculation of Esterification Between 2, 6-Pyridine Dicarboxylic Acid
and Ethylene Clycol.
Weight of 2, 6-pyridine dicarboxylic acid
Weight of ethylene glycol

x ~

x

= 10 gm
x -|

= 4.1 gm

10 = weight of 2,6-pyridine dicarboxylic acid

where

167
62

= molecular weight of 2,6-pyridine dicarboxylic acid
= molecular weight of ethylene glycol

2 = functionality of ethylene glycol
2 = functionality of 2,6-pyridine dicarboxylic acid
0.9
Weight

= factor used to allow

for 10% excess of ethylene glycol

of catalyst (0.1% PbO) =

x 14.1 = 0.014 gm

Calculation of Esterification Between 2,6-Pyridine Dicarboxylic Acid
and Glycerol.
Weight of 2,6-pyridine dicarboxylic acid

= 10 gm

„ •
m
-i
10
Weight Glycerol =

= 4.08 gm

where

2
92
x - x -y

1

x

10 = weight of 2,6-pyridine dicarboxylic acid
2 = functionality of acid
3
167
92
0.9

Weight

= functionality of glycerol
= molecular weight of 2,6-pyridine dicarboxylic acid
= molecular weight of glycerol
= factor used to allow
of catalyst (0.1% PbO)

for 10% excess of ethylene glycol
=

x ~

= 0.014 gm

Calculation of Esterificaton of 2. 6-Pvridine Dicarboxylic Acid with
Ethylene Glycol and N-octyl Alcohol.
Weight of ethylene glycol

= 4.5 gm

Weight of

2,6-pyridine dicarboxylic acid =

4.5
62

X

Weight of 2,6-pyridine dicarboxylic acid = 0.5
130
where

4.5

= weight ethylene glycol

0.5

= weight n-octyl alcohol

2

= functionality of acid

62

= molecular weight of ethylene glycol
= molecular weight of

130

= molecular weight of n-octyl alcohol
= factor used to allow
and n-octyl alcohol

—

0.9

*

167
0*9
2 X 1

11

=

n

2,6-pyridine dicarboxylic acid

167

0.9

X

167

10% excess of the ethylene glycol

Weight of catalyst (0.1% PbO) = ^ q q x

= 0.015 gm

Calculation of Acid Value. The acid value was calculated from Run
No. 4 on Table VI.
*
2.5 x 0.1 x 56.1
Acid Value = ---- -----------0.8641
where

=16.3

2.5

= ml.of sodium hydroxide used

0.1

= normality of sodium hydroxide

56.1
0.8641

= molecular weight of potassium hydroxide
= weight of sample

Calculation of Driers.
Varnish Formula (Parts by weight):
Ortho-phthalic acid

= 9.5

2,6-pyridine dicarboxylic acid

= 9.5

soybean fatty acid

= 41.2

mineral spirits

= 22.4

glycerol

= 14
Total

96.6

Weight Pb-drier (24% metal)

n r-rtf / j- ~i / •i \ 0.5
0.5% (metal/oil) =

x

41. 2
100
— j— x

= 0.84

x

41.2
100
~ — x

=

Weight Co-drier (6% metal)

, +1/
0.1
0 .1% (metal/oil) = ^-q q
A

A CQ

0.68

Calculation of Non-Volatile Matter.
a

=

weight of sample after heating

b

=

weight of sample before heating
cl

.°. non-volatile matter = r- x
a)

100

For Heterocyclic Varnish
I.
II.

non-volatile matter =

1 2907

2*7339 x 100 = 74.23%

non-volatile matter = ^ *8202 x
.*. average non-volatile matter =

b)

= ^.71%
74.23 + 73.71

2

For Homocyclic Varnish
1 2718

I.

non-volatile matter =

II.

non-volatile matter =

2*7066 x

1

.*. average matter
(N.V.)

= 74.53%

^ '5 7C

2 °7842 x

= 74.

= 74.86 + 74.53 _ „4 rnflf
2
74*69/o
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IV. DISCUSSION

The discussion is presented in three sections:

(1) Discussion of

Results, (2) Recommendations and (3) Limitations.
Discussion of Results
It can be concluded from the data shown in Tables III and IV,
respectively, that in general the preparation of dipicolinic acid was
simplier and easier than the preparation of quinolinic acid. However,
the yield of dipicolinic acid was only 63.2 percent while the yield of
quinolinic acid was 96.5 percent.

Of course, it was difficult to pre

pare quinolinic acid by oxidation of

8-hydroxy quinoline in an atmos

phere of fuming nitric acid.
In order to determine the esterification temperature between poly
hydric alcohol such as glycerol and heterocyclic polybasic acid, such
as 2,5-pyridine dicarboxylic acid, many esterification attempts were
made and it was observed that the degree of esterification approached
approximately 97 percent completion as shown by the low final acid
values of the esters in Table VI and Figure 4.

It was also observed

from Figure 4 that the esterification was rapid in the beginning as
shown by the rapid drop of acid number to approximately half the initial
value in the range of 180 - 210°C.
It was stated by R a y m o n d t h a t
than the benzene ring.

the pyridine ring is more stable

If the above statement is true then esterif

ication products must show good results due to stability of the pyridine
ring.

However, the results of our studies indicate that there is some

fallacy in the above statement.
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It was found that the esters prepared from polyhydric alcohols and
various pyridine dicarboxylic acids were black masses in spite of the
fact that all cooks were made in an inert
through XV)

atmosphere.

(See Tables VII

An explanation might be that the stability of the pyridine

ring is decreased by ring substitution.
(7)
Christenson' 1 states, ”The difficulties encountered of dark color
ation by preparing esters from

2,6-pyridine dicarboxylic acid with

glycerol or ethylene glycol are not entirely explicable theoretically,
they have certainly been paralled by other chemists trying to use hetero
cyclic acids in alkyds” . According to our views, one explanation for
the above statement may be the decomposition of

2,6-pyridine dicarboxylic

acid before it melts giving the product nicotinic acid or similar acid
which usually has a brownish color.

The esterification proceeded only

at high temperature at which the brown color might be converted into a
darker color.
The results of Tables VII, VIII, XI and XII show that the final
resin was soft and tacky.

This explanation is logical because the lin

ear polymer has a low melting point while the results of Table XV
indicate that the product is hard and not tacky, which is again logical
since the branched polymer has a higher molecular weight and consequently
a higher melting point.

Although, it depends upon the cooking time.

None of the resins prepared from either ethylene glycol or glycerol
and various pyridine dicarboxylic acids were soluble in solvents such

as; mineral spirits, M.I.B.K., 1:1 xylene:M.I.B.K. and carbon tetrachlor
ide but the resins were partially soluble in xylene and toluene respec
tively.

The explanation for the above observation might be due to
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formation of high molecular weight resin.

As the molecular weight in

creases the solubility of the product decreases.

However, "Like solvents

dissolve like", i.e., aromatic solvents tend to dissolve aromatic com('19')
pounds more rapidly than aliphatic solventsv
,
be partially soluble in xylene or toluene.

Therefore, resin may

(See Tables X and XIV)

Heterocyclic resins were insoluble in xylene, toluene, M.I.B.K.,
CCl^ and 1:1(V) toluene:M.I.B.K., respectively.

Many attempts were made

to fine a commercial solvent that might dissolve the high molecular
weight polymers.

N-octyl alcohol (B. pt. 195°C) was used as a part of

the alcohol to reduce the functionality in order to get a smaller poly
mer size.

Consequently, the product was partially soluble in xylene

and toluene but the resins were insoluble in M.I.B.K., carbon tetra
chloride, mineral spirits, and 1:1(V) xylene:M.I.B.K. solvents. It was
observed that the final color of resin was a brownish-red.

(See Table

XVI)
From the various experimental results it was decided to maintain
the esterification temperature at 170 + 2°C and to cook for a longer
time until the acid value was less than 30.
Finally, from Tables XVII through XIX, it was observed that the
resins prepared from

l:l(w) phthalic

acid: 2,6-pyridine dicarboxylic

acid with glycerol were soluble in mineral spirits, xylene, toluene,
M.I.B.K., CC1 4 and 1:1(V) xylene:M.I.B.K. mixture.

One possible explan

ation might be that the phthalic acid reduces the melting point of the

2,6—pyridine dicarboxylic acid and as a result the esterification
reaction went smoothly at 170°C and no decomposition occurred making
the alkyd of low molecular weight by soybean fatty acid which reduces
the functionality of reactive groups.

The product was clear with not
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too many suspended particles.

For the purpose of comparison of hetero

cyclic alkyd varnish and phthalic acid alkyd varnish prepared from the
same formula the following characteristics were experienced.

(See

Tables X X through X X I I )
a)

.

Homocyclic alkyd varnish was better in appearance than

heterocyclic alkyd varnish.
b)

.

By using the Gardner standards, the color of heterocyclic

alkyd varnish was 11 G while the color of homocyclic alkyd varnish was
12 G.
c)

.

The non-volatile matter of heterocyclic alkyd varnish

was 74% while the non-volatile matter of homocyclic alkyd varnish was
74.7%.
d) •

The drying properties of heterocyclic alkyd varnish were

inferior to the drying properties of homocyclic alkyd varnish.
e)

.

The water resistance of homocyclic alkyd varnish was

slightly better than the water resistance of heterocyclic alkyd varnish.
Final appearance of color remains almost the same for both varnishes.
f)

.

The dry varnish film of heterocyclic alkyd varnish did

not crack even using the minimum l/ 8M O.D. bar, both before and after
one hour baking the varnish film at 110°C while the dry varnish film of
homocyclic alkyd varnish slightly cracked on l/ 8w O.D. bar, and rapid
cracking of varnish film on l/ 8,f O.D. bar after one hour baking at 110°C.
g)

.

The varnish film of heterocyclic alkyd varnish was con

verted to white color and was non-adhesive to the surface of glass tube
after four hours in 3% sodium hydroxide solution at

68°F while the var

nish film of homocyclic alkyd varnish was converted white yet remained
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adhesive to the surface of glass test tube after sixteen hours at
h).

68°F.

The acid resistance was almost the same in both types of

varnish films.

However, only the varnish film was affected by 20 % HNO^

solution and was converted to white color after eighteen hours.
Alkyd resin varnish made from the same formula of acids, alcohol
fatty acid and mineral spirits and can be processed to different average
molecular weight by varying the cooking procedure.

(See Table X X I I )

It was concluded that the tensile strength and elongation of hetero
cyclic alkyd varnish film was greater than the tensile strength and
elongation of homocyclic alkyd varnish film.

(See Table XX.ill)

The tensile strength and elongation increased as the polymer size
of the heterocyclic alkyd resin varnish increased and was higher than
the tensile strength and elongation of the homocyclic alkyd varnish.
(See Figures

6, 7 and 8).
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Recommendations

There are numerous ways in which this investigation could be ex
tended and improved.

Each recommendation will be discussed under its

appropriate heading.
Raw Mater i a l .

It is recommended that the heterocyclic dibasic

acid should be ordered from the proper source because the method of
preparation for dibasic acid (quinolinic and dipicolinic) were long.
Apparatus:

It is recommended that the micro-scale tests should

be performed in a ground-glass joint assembly instead of using corks
and rubber joints with aluminum covering.
Cooking R e s i n .

It is recommended that the cooking temperature

should be maintained at 195°C for at least three hours for the 2, 3
or 3,4 or 2,4-pyridine dicarboxylic acid if available in the future.
It is also suggested that the 3,4-pyridine dicarboxylic acid might
show the best results, because the physical and chemical properties
are slmost similar to those of phthalic acid.
Tnftri-- Condition.

It is recommended that CC^ gas be used to pro

vide the inert atmosphere instead of using a vacuum which loses a
part of the reacting acid by sublimation.
Number of T ests.

It is suggested that for comparison of tensile

strength and elongation for varnishes, the tests should be performed
on a m i n imum of five or more samples each, for specific thickness of
varnish film which would allow an accurate evaluation of the result.
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Limitations
Hie w o r k done in this investigation was governed by the following
l i m i tations.
Type of A c i d .

The results were obtained only for 2,5 or 2,6

pyridine dicarboxylic acid.
Number of Tests,

(a)

The number of tests for esterification was

five at 170°C by changing time from

2 to 2.5 hours.

The same number of

tests for esterification were performed at 2.5 hours by changing the
temperature from 170 to 210°C.

(b)

The number of tests for evaluation

of tensile strength and elongation was three for each type of varnish
f ilm varying from 6.5 to 6.7 mils in thickness.
Quantity of A c i d .
u s u ally

The quantity of heterocyclic dibasic acid was

10 g m for each run and the corresponding amount of either

ethylene glycol or glycerol for esterification in all micro-scale
experiments.
Formula of V a r n i s h .

The formula for the heterocyclic and homo-

cyclic varnish shown below gave good results when tested for distensibility and tensile strength and elongation.
2,6-pyridine dicarboxylic acid
ortho-phthalic acid

=

9.5 gm
9.5 gm

soybean acid

4 1 o2 gm

glycerol

14

mineral spirits

22.4 gm

gm
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V. CONCLUSIONS

The determination of various characteristics of heterocyclic alkyd
resin prepared from polyhydric alcohols such as ethylene glycol and
glycerol w ith polybasic acid such as 2,5 or 2,6-pyridine dicarboxylic
acid led to the following conclusions:
1.

The rate of esterification between heterocyclic dibasic

acids with polyhydric alcohols was found sufficiently satisfactory as
indicated b y the acid value of less than 30 for the esters.

2.

The heterocyclic alkyd resin varnish was somewhat superior

to homocyclic alkyd resin varnish with respect to distensibility, ten
sile strength and elongation.
A further evaluation of the results could not be made at the
present time nor was it possible to draw additional definite conclusions
because not many literature references are available.
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VI. SUMMARY

Homocyclic alkyd resins have been in use as surface coatings for
thirty years and therefore there are many methods of preparation and
various characteristic data and results available from literature.

In

the case of heterocyclic alkyd resins not much research has been done
and therefore, a literature review has not produced much information.
The present investigation for the preparation and study of various
properties of a heterocyclic alkyd resin was undertaken by using the
experience and knowledge obtained on conventional alkyds.
The purpose of this research was to evaluate a possibility of
preparing heterocyclic alkyd resins similar to or better than conven
tional alkyd resins and to examine the physical and chemical properties
of varnishes prepared from a heterocyclic alkyd resin, and compare these
to those of alkyd resin varnishes.
The esterification was carried out in a 200 ml. three-neck flask
equipped w i t h a 360°C thermometer, electric heating mantle and an inlet
tube for carbon dioxide gas.

In almost all experiments the acid value

was lower than 30 for each product.
The esters thus prepared from various heterocyclic dibasic acids
and polyhydric alcohols were insoluble in M.I.B.K., mineral spirits,
carbon tetrachloride and partially soluble

in xylene and toluene. This

was due to the fact that the esterification temperatures were in the
range of 170°C to 215°C and prolonged processing time had increased the
molecular weight of the polymers.
By reducing the functionality of the reactants a heterocyclic alkyd
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resin was prepared from l:l(w) phthalic acid: 2,6-pyridine dicarboxylic
acid, soybean fatty acid, and glycerol and it was found to be soluble
in mineral spirits, xylene,

carbon tetrachloride, toluene, a mixture of

1:1(V) xylene:M.I.BoK. and M.I.B.K.
It was found from the physical and chemical examination of varnishes
prepared f r o m this resin that the distensibility and tensile strength
and elongation of the heterocyclic alkyd varnish were superior to the
corresponding properties of homocyclic alkyd varnish.
Since field tests were not made on these alkyds, no further conclu
sions could be drawn as to the validity of this research.

More work

has to be done to evaluate many otherinteresting properties of hetero
cyclic alkyd resins.
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VII. APPENDIX
Price quotations of pyridine dicarboxylic acids from Alrich Chemical
Company, Inc., 2369 North 29th Street, Milwaukee, Wisconsin, U.S.A.

2.3-

pyridine dicarboxylic acid
(quinolinic acid) .......„

25 gm

$5.00

100 gm

$18,.00

2.4- pyridine dicarboxylic acid
(lutidinic acid)
........

25 gm

4.00

100 gm

15,.00

2.5- pyridine dicarboxylic acid
(isocinchomeronic acid) ..

100 gm

4.00

500 gm

11..00

(dipicolinic acid) .......

10 gm

2.00

100 gm

14,.00

3.4- pyridine dicarboxylic acid
(cinchomeronic acid) ....

25 gm

6.00

100 gm

22,.00

3.5- pyridine dicarboxylic acid
(dinicotinic acid) ..... .

25 gm

7.00

100 gm

25,.00

2.6- pyridine dicarboxylic acid
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